VISUAL  REFERENCE  STANDARDS 
FOR  WELD  SURFACE  CONDITIONS 

AND 

USER’S  GUIDE  FOR  WELD  REPLICAS 


SP7  PROJECT  REPORT  FUNDED  BY  MARITIME  ADMINISTRATION  OF 
THE  U.S.  DEPARTMENT  OF  COMMERCE  AND  THE  U.S.  DEPARTMENT 
OF  THE  NAVY  IN  COOPERATION  WITH  THE  AMERICAN  BUREAU  OF  SHIPPING, 
NEWPORT  NEWS  SHIPBUILDING,  AND  INGALLS  SHIPBUILDING,  INC. 


Report  Documentation  Page 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 

1 .  REPORT  DATE  2.  REPORT  TYPE 

SEP  1991  N/A 

3.  DATES  COVERED 

4.  TITLE  AND  SUBTITLE 

Visual  Reference  Standards  for  Weld  Surface  Conditions  and  User’s 

Guide  for  Weld  Replicas 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Naval  Surface  Warfare  Center  CD  Code  2230-Design  Integration  Tools 
Bldg  192,  Room  128  9500  MacArthur  Blvd,  Bethesda,  MD  20817-5700 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS (ES) 

10.  SPONSOR/MONITOR’S  ACRONYM(S) 

11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release,  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

14.  ABSTRACT 

15.  SUBJECT  TERMS 

16.  SECURITY  CLASSIFICATION  OF:  17.  LIMITATION  OF 

\PSTP 

1 8 .  NUMBER  1 9a.  NAME  OF 

fTR  PArtUQ  PPQPfYMQIPI  P  PPPQfYM 

a.  REPORT  b.  ABSTRACT  c.  THIS  PAGE  S  AR 

unclassified  unclassified  unclassified 

28 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


DISCLAIMER 


This  report  was  prepared  as  an  account  of  government-sponsored 
work.  Neither  the  United  States,  nor  the  Maritime 
Administration,  nor  any  person  acting  on  behalf  of  the  Maritime 
Administration  (A)  makes  any  warranty  or  representation, 
expressed  or  implied,  with  respect  to  the  accuracy,  completeness 
or  usefulness  of  the  information  contained  in  this  report/manual, 
or  that  the  use  of  any  information,  apparatus,  method,  or  process 
disclosed  in  this  report  may  not  infringe  privately  owned  rights; 
or  (B)  assumes  any  liabilities  with  respect  to  the  use  of  or  for 
damages  resulting  from  the  use  of  any  information,  apparatus, 
method,  or  process  disclosed  in  the  report.  As  used  in  the 
above,  "Persons  acting  on  behalf  of  the  Maritime  Administration" 
includes  any  employee,  contractor,  or  subcontractor  to  the 
contractor  of  the  Maritime  Administration  to  the  extent  that  such 
employee,  contractor,  or  subcontractor  to  the  contractor 
prepares,  handles,  or  distributes  or  provides  access  to  any 
information  pursuant  to  his  employment  or  contract  or  subcontract 
to  the  contractor  with  the  Maritime  Administration.  ANY  POSSIBLE 
IMPLIED  WARRANTIES  OF  MERCHANTABILITY  AND/OR  FITNESS  FOR  PURPOSE 
ARE  SPECIFICALLY  DISCLAIMED. 
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PANEL  CHAIRMAN'S  NOTE: 


The  first  phase  of  this  project  began  in  1980.  The  plastic 
replicas  and  this  guide  is  the  culmination  of  much  effort  and  many  hours 
of  work  supplied  by  numerous  individuals. 

Panel  members  provided  numerous  steel  assemblies  to  be  considered 
for  replication.  Because  of  the  large  number  of  samples  from  which  to 
select,  a  special  Ad-Hoc  Committee  of  panel  members  was  appointed  and 
these  individuals  performed  a  yeomans  task  of  narrowing  the  field  to  the 
32  samples  used  for  modeling.  The  panel  membership  considered  these 
final  samples  at  a  meeting  and  concurred  with  the  Ad-Hoc  Committee's 
selections. 

The  basic  philosophy  of  the  selection  process  was  to  develop  three 
levels  of  magnitude  for  each  imperfection  type.  Whenever  possible,  a 
published  standard  was  used  for  comparison  of  the  model's  visual 
attributes  and  these  are  reported  in  the  guide. 

The  objective  of  this  project  was  not  to  establish  standards  for 
acceptance  of  visual  quality  for  welds  but  rather,  the  samples  are  to  be 
used  as  a  tool  for  discussions  and  agreements  between  the  producer  and 
the  customer.  In  this  sense,  a  customer  can  be  a  Quality  Assurance 
Department  as  well  as  the  ultimate  user  of  the  welded  product. 

Each  organization  that  possesses  and  utilizes  these  samples  can 
define  the  use  and  function  of  the  replicas  to  suit  their  own  needs. 
The  SP-7  panel  has  attempted  to  provide  a  service  to  the  shipbuilding 
industry  which  can  be  multipurpose  and  of  considerable  value. 


L.  G.  Kvidahl,  Chairman 
SPC  Panel,  SP-7 


NSRP  No.  0338 
September  1991 
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FOREWORD 


The  purpose  of  this  report  is  to  present  the  third  phase  of  a 
research  and  development  program  which  was  initiated  by  the 
members  of  the  Ship  Production  Committee  of  The  Society  of  Naval 
Architects  and  Marine  Engineers.  The  cost  was  shared  by  U.S. 
Maritime  Administration,  the  American  Bureau  of  Shipping  and 
Ingalls  Shipbuilding.  The  aim  of  this  project  was  directed  to 
the  production  of  three  dimensional  sample  illustrations  of  weld 
surface  conditions,  applicable  to  visual  weld  inspection. 

Phase  I  addressed  the  conditions  of  cluster  porosity,  scattered 
porosity,  and  undercut;  Phase  II  addressed  the  conditions  of  weld 
surface  roughness,  irregular  contour,  and  re-entrant  angle. 
Phase  III  is  addressed  to  the  manufacture  of  the  plastic  weld 
replicas. 

A  special  acknowledgment  is  made  to  the  members  of  Welding  Panel 
SP-7  of  the  SNAME  Ship  Production  Committee  who  served  as 
technical  advisors  in  the  preparation  of  inquiries  and  evaluation 
of  subcontract  proposals,  and  to  Mr.  L.G.  Kvidahl,  SP-7  Panel 
Chairman  and  to  Mr.  O.J.  Davis,  Ingalls  Shipbuilding,  SP-7 
Program  Manager. 


The  program  was  carried  out  by  the  American  Bureau  of  Shipping; 
Mr.  William  Hanzalek  was  the  Project  Manager;  Dr.  D.Y.  Ku,  and 
Mr.  R.F.  Waite  served  as  Project  Engineers. 

Appreciation  is  also  expressed  for  the  contribution  of  weld 
samples  by  the  following  companies: 
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ABSTRACT 


In  Phase  I  and  Phase  II  of  the  project,  weld  samples  were 
produced  illustrating  five  types  of  weld  surface  conditions  at 
three  levels  of  severity  in  butt  and  fillet  welds.  The  samples 
can  be  related  to  some  existing  descriptive  acceptance  standards 
used  in  the  marine  industry,  and  could  form  the  basis  for  a  guide 
for  the  evaluation  of  weld  surface  conditions  which  could  be 
applicable  to  the  various  structural  and  pressure  vessel 
requirements  of  the  marine  industry.  The  use  of  such 
illustrations,  replicated  as  plastic  models,  could  reduce  the 
frequency  of  making  physical  measurements  of  weld  surface 
conditions,  and  also  reduce  tne  subjective  considerations  in 
evaluating  weld  surfaces.  The  replicas  cover  the  conditions  of 
undercut,  cluster  porosity,  scattered  porosity,  roughness, 
irregular  contour  and  re-entrant  angle.  The  primary  task  of 
Phase  III  is  to  manufacture  the  plastic  replicas  for  distribution 
to  the  marine  industry  as  reference  standards  for  the  evaluation 
of  weld  surface  conditions. 
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INTRODUCTION 


Visual  inspection  is  the  most  extensive  nondestructive  method 
used  for  weld  evaluation.  Judgements,  however,  as  to  the 
acceptability  of  welds  based  on  visual  examination  may  be 
controversial  in  that  existing  codes  and  specifications  lack 
sufficiently  clear  and  objective  criteria  for  certain  weld 
surface  conditions.  Some  codes  define  the  acceptable  level  of 
some  surface  conditions  quantitatively  (e.g.  size  and  number  of 
pores,  depth  of  undercut,  etc...);  others  use  general  descriptive 
terms  (e.g.  "reasonably  free  from  undercut  and  overlap") . 
Irregularities  in  weld  surface  conditions  along  the  length  of  the 
weld  or  transverse  to  the  weld  are  also  difficult  to  define 
quantitatively;  however,  it  is  generally  agreed  that  at  some 
level,  such  irregularities  should  be  considered  indicative  of  a 
weld  of  unacceptable  quality  on  the  basis  of  a  subjective 
judgement.  When  subjective  judgement  is  involved,  experts  may 
not  always  agree  on  the  acceptance  of  a  given  weld,  even  when 
evaluated  against  a  descriptive  standard.  Consequently,  there  is 
an  apparent  need  to  reduce  the  subjective  considerations  involved 
and  to  augment  descriptions  in  existing  codes  and  specifications. 

In  the  course  of  the  deliberations  of  the  SNAME  SP-7  Welding 
Panel,  it  was  agreed  that  a  viable  approach  to  meet  this  need 
would  be  the  development  of  plastic  replicas  of  welds  with 
various  gradations  of  different  weld  surface  conditions  and  with 
supplementary  descriptions . 

This  report  represents  the  third  phase  of  an  overall  program  to 
develop  three-dimensional  sample  illustrations  of  weld  surface 
conditions  for  use  as  reference  standards  by  shipyards, 
specifications  writing  bodies,  technical  societies  and 
fabricators.  Phase  I  of  this  project  developed  samples 
representing  scattred  porosity,  cluster  pososity,  and  undercut. 
In  Phase  II  samples  illustrating  roughness,  irregular  contour, 
and  re-entrant  angle  were  developed.  In  Phase  III  the  plastic 
replias  were  manufactured  for  the  samples  developed  in  the 
previous  two  phases  for  distribution  to  the  marine  industry  as 
reference  standards  for  the  evaluation  of  weld  surface 
conditions . 

3.  OBJECTIVE 

The  primary  objective  of  Phase  III  was  to  manufacture  selected 
samples  from  Phase  I  and  Phase  II,  illustrating  weld  surface 
conditions  with  appropriate  gradations  of  severity  not  amendable 
to  quantitative  written  descriptions. 
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APPROACH 


The  initial  approach  in  Phase  I  and  Phase  II  was  to  produce 
samples  illustrating  the  following  surface  conditions  in  butt  and 
fillet  welds:  undercut,  porosity,  roughness  and  contour 
(including  re-entrant  angle,  overlap,  convexity  and  concavity) . 
In  the  course  of  work,  in  Phase  1,  it  became  evident  that 
porosity  should  be  expanded  to  two  categories  -  scattered  and 
clusters.  Upon  further  consideration,  in  Phase  II,  it  was 
determined  that  overlap,  convexity  and  concavity  should  be 
eliminated  from  the  program  since  they  were  adequately  defined  in 
codes  and/or  could  be  conveniently  measured  with  standard  gauges. 

For  roughness,  irregular  contour  and  re-entrant  angle,  they  are 
defined  as  follows: 

a)  Roughness: 


b)  Irregular 
Contour : 


c)  Re-entrant 
angle: 


5.  PROCEDURE 

The  SNAME  SP-7  Welding  Panel  members  were  requested  to  submit 
samples,  which  in  their  individual  judgement  are  representative 
criteria  for  the  following: 


1) 

The  minimum 

quality 

level 

appropriate 

to 

critical 

applications 

-  Severity  Level 

A 

2) 

The  minimum 

quality 

level 

appropriate 

to 

general 

applications 

-  Severity  Level 

B 

3) 

The  minimum 

quality 

level 

appropriate 

to 

secondary 

applications  -  Severity  Level  C 


Samples  were  first  evaluated  using  AWS  Dl.l  criteria  for  undercut 
and  porosity  and  then  selected  by  the  consensus  of  SNAME  SP-7 
Welding  Panel. 

This  first  selection  of  samples  represented  the  minimum  levels 
acceptable  according  to  AWS  Dl.l.  Additional  samples  were 
selected  to  represent  one  higher  and  one  lower  quality  level. 


Condition  of  surface  irregularities  along  the 
longitudinal  axis  of  the  weld. 


Condition  of  surface  irregularities  along  the 
transverse  axis  of  the  weld. 


The  angle  between  the  plane  of  the  parent 
metal  surface  and  a  plane  tangential  to  the 
weld  bead  surface  at  the  toe  of  the  weld. 
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The  three  levels,  namely  Level  A,  Level  B  and  Level  C,  of 
undercut,  scattered  porosity,  and  cluster  porosity  reflected  by 
the  samples  were  measured  and  then  defined  as  indicated  in  Table 
I.  The  selection  of  representative  samples  illustrating 
roughness  and  irregular  contour  was  based  on  the  consensus  of  the 
members  of  SNAME  SP-7  Welding  Panel.  The  selection  of 
representative  samples  illustrating  re-entrant  angle  was  selected 
based  on  actual  measurements  revolving  around  90  degrees.  Each 
sample  was  machined  to  the  following  dimensions: 

Butt  Weld  -  6"  L  X  2"  W  X  0.5"  T 

Fillet  Weld  -  6"  Lx  1.5"  W  x  2"  H  x  0.5"  T 

The  six  inch  length  was  chosen  because  many  codes  address  the 
allowable  distribution  of  weld  surface  conditions  in  multiples  of 
six  inches  of  weld  length. 

Sample  codes  for  plastic  weld  replicas  are  shown  in  Table  II. 
Five  sets  of  samples  of  butt  and  fillet  welds  have  been  produced; 
each  set  illustrates  three  levels  of  severity  of  surface 
condition  for  undercut,  scattered  porosity,  cluster  porosity, 
roughness  and  irregular  contour  and  one  butt  and  fillet  weld 
illustrate  re-entrant  angles  near  90  degrees. 

6.  DISCUSSION 

The  relationship  between  the  specific  conditions  represented  by 
the  samples  and  the  specific  requirements  in  the  codes  is  shown 
in  Table  IV  for  undercut  and  scattered  porosity.  As  indicated 
therein,  a  code  may  have  different  requirements  for  fillet  welds 
and  for  butt  welds,  and  may  not  permit  any  level  of  a  particular 
type  of  defect;  with  respect  to  the  A,B,  and  C  levels  of 
illustrations  proposed,  an  additional  level  "O"  should  be  used  to 
designate  an  absence  of  conditions.  For  example:  AWS  Dl.l 
requires  that  "butt  welds  transverse  to  the  direction  of  computed 
tensile  stress",  be  free  of  porosity;  Table  IV  indicates  a  level 
"O"  would  be  the  appropriate  illustrative  sample.  As  there  are 
no  clear  definitions  for  measurable  levels  of  cluster  porosity  in 
the  codes  referred  to  in  this  guide,  the  relationship  of  the 
samples  of'  cluster  porosity  were  not  directly  related  to  the 
codes . 

•Depicting  relative  levels  of  roughness  and  irregular  contour  is 
made  difficult  by  the  imprecise  language  to  describe  the 
condition  in  existing  codes:  For  example:  "...  however,  the 
surface  of  the  welds  shall  be  sufficiently  free  from  coarse 
ripples,  grooves,  overlaps,  abrupt  ridges  or  valleys..."  and 
" . . . ,  the  contour  of  welds ,  ...  shall  blend  smoothly  and 
gradually  into  the  base  metal."  (See  Tables  V  and  VI).  A  SP-7 
Panel  consensus  as  to  quantitative  criteria  to  more  precisely 
delineate  the  conditions  of  irregular  contour  or  roughness  could 
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not  be  reached;  thus  the  preparation  of  the  samples  in  terms  of 
condition  severity  appropriate  to  each  level  of  application  was 
left  to  the  judgement  of  each  shipyard  and  the  general 
description  given  in  the  Approach. 

It  should  be  understood  that  the  conditions  illustrated  represent 
levels  of  severity  that  may  or  may  not  be  acceptable  depending  on 
the  pertinent  code  or  application,  as  well  as  their  overall 
frequence  of  occurrence.  There  are  instances  where  a  shipyard  or 
designer  may  specify  requirements  in  excess  of  an  allowable  code 
to  take  into  account  special  requirements:  i.e.  the  presence  of 
porosity  may  be  unacceptable  if  certain  coatings  were  required  to 
be  applied  to  welded  structure  or  for  watertight  applications. 
The  conditions  illustrated  are  neither  intended  as  quality 
targets  in  the  training  of  welders  nor  to  represent  the  general 
level  of  quality  desired  in  production,  in  that  the  condition 
should  ideally  be  absent,  but  as  a  practical  matter  may  be 
tolerated  in  isolated  instances  within  prescribed  limits. 

NAVSSEA  0900-LP-003-8000  applies  to  structural  applications  in 
non-combatant  surface  ships.  ASME  applies  to  marine  boilers  and 
pressure  vessels,  and  AWS  Dl.l  is  frequently  used  for  offshore 
structures.  The  samples  selected  illustrate  the  conditions  of 
undercut  and  porosity  addressed  in  these  codes  and  others. 

In  connection  with  commercial  ships,  it  may  be  reasonable  to 
relate  the  classes  of  illustrated  surface  conditions  in  samples 
to  the  structural  application  categories  as  defined  in  the  ABS 
Rules  for  Building  and  Classing  Steel  Vessels  and  Rules  for 
Building  and  Classing  Mobile  Offshore  Drilling  Units.  For 
example:  level  0  (absence  of  conditions)  or  level  A  of  a  given 
surface  condition  might  be  related  to  important  welds  in  areas  of 
a  ship  or  offshore  structure  where  special  application  materials 
are  required  by  the  ABS  Rules,  levels  A  or  B  for  other  important 
materials,  levels  B  or  C  for  secondary  structures  and  level  C  for 
nonstructural  applications . 

It  should  be  realized  that  the  developed  samples  represent  a 
first  step  in  producing  a  more  complete  set  of  samples 
illustrating  commonly  encountered  weld  surface  conditions. 

7.  CONCLUSIONS 


1.  Five  sets  of  samples  of  butt  and  fillet  welds  have  been 
produced;  each  set  illustrates  three  levels  of  severity 
of  surface  condition  for  undercut,  scattered  porosity, 
cluster  porosity,  roughness  and  irregular  contour  and  & 

one  butt  and  fillet  weld  illustrate  re-entrant  angles 
near  90  degrees. 
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Selected  conditions  of  undercut  and  scattered  porosity 
can  be  related  to  existing  descriptive  standards  for 
visual  inspection  presently  used  in  the  marine 
industry.  Cluster  porosity  is  not  specifically 

addressed  by  any  of  the  codes  studied.  The  levels  of 
irregular  contour  and  roughness  are  imprecisely 
addressed  in  existing  codes.  The  relationship  of  the 
samples  of  cluster  porosity,  irregular  contour  and 

roughness  were  not  directly  related  to  codes.  The 

condition  severity  appropriate  to  each  level 

application  was  left  to  the  judgement  of  each 

fabricator.  However,  the  severity  levels  selected  for 
these  conditions  could  be  a  basis  for  incorporation 
into  existing  codes  or  future  guidelines. 

3.  The  use  of  such  samples  as  visual  reference  standards 
to  reflect  quantitative  limitations  of  surface 
conditions  indicated  in  a  .  code  or  shipyard 

specification  could  reduce  costs  in  the  marine  industry 
by  reducing  the  amount  of  physical  measurements  on  weld 
surfaces. 

8.  RECOMMENDATIONS 

It  is  recommended  that  the  proposed  basis  for  visual 
illustrations  of  weld  surface  conditions,  i.e.,  descriptions  of 
weld  surface  conditions  accompanied  by  three-dimensional  replicas 
of  these  conditions  be  presented  to  pertinent  code  writing  bodies 
for  their  consideration  for  use  in  connection  with  published 
codes . 


Jt 
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APPENDIX 


PSER/S  GUIDANCE  MANUAL 


1.  SCOPE 


These  reference  standards  consist  of  five  types  of  weld 
surface  conditions  at  three  levels  of  severity  in  butt  and  fillet 
welds.  One  butt  and  one  fillet  welds  illustrate  the  re-entrant 
angle  measurement.  These  visual  reference  standards  are  utilized 
as  a  means  for  establishing  the  surface  condition  types  and 
severity  level  in  welds.  They  may  be  used  as  reference  standards 
for  a  specific  contract  agreed  upon  between  purchaser  and 
fabricator . 


2.  PLASTIC  WELD  REPLICAS  REPRESENTATION 

The  weld  surface  condition  severity  levels  for  undercut, 
scattered  porosity  and  cluster  porosity  are  defined  as  indicated 
in  Table  1.  The  selection  of  representative  samples  illustrating 
roughness  and  irregular  contour  was  based  on  the  consensus  of  the 
members  of  SNAME  SP-7  Welding  Panel.  Sample  codes  to  describe 
weld  replicas  representation  are  shown  in  Table  II.  A  list  of 
plastic  weld  replicas  representing  various  surface  conditions  - 
undercut,  scattered  porosity,  cluster  porosity,  irregular  contour 
and  roughness  at  three  different  severity  levels  for  each  surface 
condition  as  well  as  re-entrant  angle  is  shown  in  Table  III.  The 
welding  process  and  position,  if  known,  are  also  indicated  for 
reference.  The  samples  were  selected  mainly  based  on  the  surface 
condition  regardless  of  welding  process  and  position.  The  sample 
code  for  each  one  is  shown  on  the  edge  of  the  sample.  The 
relationship  between  the  specific  conditions  represented  by  the 
samples  and  the  specific  requirements  in  the  codes  is  shown  in 
Table  IV  for  undercut  and  scattered  porosity.  Depicting  relative 
levels  of  irregular  contour  and  roughness  is  made  difficult  by 
imprecise  language  to  describe  the  condition  in  existing  codes. 
The  acceptance  standards  from  various  codes  are  summarized  in 
Table  V  for  irregular  contour  and  Table  VI  for  roughness.  A 
summary  of  acceptance  standards  for  re-entrant  angle  in  existing 
codes  is  listed  in  Table  VII. 
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3 


REQUIREMENTS  FOR  SAMPLE  SELECTION 


For  purpose  of  evaluations  of  weld  surface  conditions  a 
determination  must  first  be  made  of  the  structure  application  to 
be  assigned  to  the  individual  structure,  namely  -  critical 
application  structure  (critical) ,  general,  application  structure 
( intermediate)  or  secondary  application  structure  (least 
critical) .  The  surface  condition  severity  level  for  three 
application  categories  is  suggested  as  follows: 

Structure  Classification  Applicable  Severity  Level 

Critical  Application  (critical)  0  or  A 

General  Application  (intermediate)  A  or  B 

Secondary  Application  (least  critical)  B  or  C 

4.  PROCEDURE  FOR  EVALUATION 

4.1  The  same  length  as  the  reference  sample  shall  be  the 
unit  length  by  which  the  production  weld  is  evaluated 
and  any  such  length  or  any  length  that  shares  surface 
conditions  with  an  adjacent  lengh  shall  meet  the 
surface  condition  requirement  as  defined  or  shown  in 
the  sample  for  acceptability.  When  the  length  of 
interest  within  a  production  weld  is  less  than  the  unit 
length,  such  length  of  interest  shall  be  prorated  to 
the  reference  sample's  length. 

4.2  Compare  the  production  welds  of  the  structure  for 
evaluation  with  the  reference  samples  applicable  for 
the  pertinent  structure  application. 

4.3  When  the  severity  level  of  the  surface  condition  in  the 
production  weld  being  inspected  appears  equal  to  or 
better  than  the  applicable  reference  sample,  the  weld 
is  considered  satisfactory  or  acceptable.  If  the 
production  weld  indicates  that  the  severity  level  is 
greater  than  the  applicable  reference  sample  the 
production  weld  is  considered  unsatisfactory  or 
rejectable. 

4.4  When  two  or  more  types  of  surface  conditions  are  shown 
in  the  same  production  weld,  the  predominating  surface 
condition  type,  if  rejectable,  shall  govern  regardless 
of  the  other  types  of  surface  conditions. 

4.5  When  two  or  more  types  of  surface  conditions  are  shown 
in  the  same  production  weld  and  they  are  both  equal  to 
the  maximum  acceptable  severity  level  of  the  applicable 
reference  samples  for  both  these  surface  conditions, 
the  weld  shall  be  considered  unacceptable. 
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TABLE  I 


WELD  SURFACE  CONDITIONS  -  SEVERITY  LEVELS  SELECTED 
-  BUTTS  AND  FILLETS  - 


UNDERCUT 

Level  O:  None  present 

Level  A:  1/64  in.  deep  continuous 

Level  B:  1/32  in.  deep  continuous 

Level  C:  1/16  in.  deep  continuous 

SCATTERED  POROSITY 

Level  O:  None  present  A 

Level  A:  4  pores  1/32  in.  maximum  diameter 

Level  B:  4  pores  1/16  in.  maximum  diameter 

or  7  pores  3/64  in.  maximum  diameter 

Level  C:  4  pores  1/8  in.  maximum  diameter 

or  equivalent  area 

CLUSTER  POROSITY 

Level  O:  None  present 

Level  A:  Multiple  pores  1/32  in.  maximum  diameter  within 
1/4  in. 

Level  B:  Multiple  pores  within  1/2  in. 

Level  C:  Multiple  pores  within  1  in. 


NOTES: 

1.  All  of  the  above  definitions  are  per  6  in.  of  weld. 

2.  Level  0  is  to  be  used  for  each  condition  to  represent  a 
weld  which  is  free  of  the  surface  condition  under 
consideration . 
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TABLE 


I  I 

SAMPLE  CODES  FOR  PLASTIC  WELD  REPLICAS 


■national  SHI  ^KSEARQHDPRQG^M/SP-7  WELDING  PANEL 


CONDITION  TYPE  CODES: 

Ps  =  POROSITY  (SCATTERED) 

Pc  =  POROSITY  (CLUSTER) 

Uc  =  UNDERCUT 

RO  =  ROUGHNESS 

RA  =  RE-ENTRANT  ANGLE 

cx  =  IRREGULAR  CONTOUR 

CONDITION  LEVEL  CODES: 

A  =  LEAST  SEVERE  LEVEL  OF  CONDITION  ILLUSTRATED 

B  =  INTERMEDIATE  LEVEL  OF  CONDITION  ILLUSTRATED 

c  =  MOST  SEVERE  LEVEL  OF  CONDITION  ILLUSTRATED 

PROCESS  CODES: 

SMAW  =  SHIELDED  METAL  ARC  WELDING 
SAW  =  SUBMERGED  ARC  WELDING 

GMAW  =  GAS  METAL  ARC  WELDING 

FCAW  =  FLUX  CORED  ARC  WELDING 

UNK  =  UNKNOWN 

POSITION  CODES: 

F  =  FLAT 

v  =  VERTICAL 

o  =  OVERHEAD 

H  =  HORIZONTAL 

x  =  UNKNOWN 
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TABLE 


III 


LIST  OF  PLASTIC  WELD  REPLICAS 
REPRESENTATION 


P  r  o  j  e  c 

S  p  o  n  s  o 

BUTTS* 

F  I  L 

LETS* 

t 

r 

Con 
t  i  o 
T  y  p 

di¬ 
nt  i 
e  L  e 

Condi- 
onPro-Pos: 
vedess  ti 

Con 
l  -t  i  o 
o  E  y  p 

di¬ 
nt  i 
e  L  e 

Condi- 
o  n  P  r  o  -  P 

vedess  t 

N  S  R  P  /  S 

P 

.  U7  c 

A 

S  M  A  W  F 

U  c 

A 

G  M  A 

w  0 

N  S  R  P  /  S 

P 

.  U7  c 

B 

G  M  A  Wv 

U  c 

B 

S  M  A 

w  0 

N  S  R  P  /  S 

P 

.  U7  c 

c 

S  M  A  W  F 

U  c 

c 

S  M  A 

W  V 

NSRP/SP . 7 

Ps 

A 

SMAW  f 

Ps 

A 

GMAW 

F 

NSRP/SP . 7 

Ps 

B 

SMAW  o 

Ps 

B 

SMAW 

F 

NSRP/SP . 7 

Ps 

c 

SAW  F 

Ps 

c 

SMAW 

H 

NSRP/SP . 7 

Pc 

A 

SMAW  H 

Pc 

A 

SAW 

H 

NSRP/SP . 7 

Pc 

B 

GMAW  v 

Pc 

B 

GMAW 

o 

NSQP/SP . 7 

Pc 

c 

SMAW  H 

Pc 

c 

GMAW 

V 

NSRP/SP . 7 

Cx 

A 

SMAW  F 

CX 

A 

FCAW 

V 

NSRP/SP . 7 

Cx 

B 

UNK  x 

Cx 

B 

UNK 

X 

NSRP/SP  .7 

Cx 

c 

UNK  x 

Cx 

c 

UNK 

X 

NSRP/SP . 7 

RO 

A 

SMAW  F 

RO 

A 

UNK 

X 

NSRP/SP . 7 

RO 

B 

UNK  x 

RO 

B 

UNK 

X 

NSRP/SP . 7 

RO 

c 

FCAW  v 

RO 

c 

UNK 

X 

NSRP/SP . 7 

RA 

RA 

See  TABLE  II  for  sample  codes 
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TABLE  IV 


RELATIONSHIP  BETWEEN  EXISTING  ACCEPTANCE  STANDARDS  &  SELECTED 

SAMPLES 

-UNDERCUT- 

EXISTING  STANDARD  APPLICABLE  SAMPLES 

AWS  D. 1.1-90,  Sections  10.17.1.5 
and  9.25.1.5  Requirements 

Undercut  shall  be  no  Level  A  (1/64  in. 

more  than  0.01  in.  (0.25mm)  undercut) (considered 

deep  when  its  direction  is  meeting  0.01  inch 

transverse  to  primary  tensile  requirement  for 

stress  in  the  part  that  is  butts  &  fillets 

undercut,  from  AWS) 

No  more  than  1/32  in.  (1mm)  Level  B  (1/32  in. 

for  all  other  situations  undercut)  for  butts 

and  fillets 


AWS  Dl. 1-90 ,  Section  8.15.1. (5) 
requirements 

For  material  less  than  1  in.  thick  Level  B  (1/32  in. 

undercut  shall  not  exceed  1/32" (1mm)  undercut)  for  butts 

and  fillets 

For  material  thickness  less  than  1  in.  Level  C 
(25.4mm)  a  max.  1/16  in.  (1.6mm)  is  (1/16  in.  undercut) 

permitted  for  an  accumulated  strength  for  butts  and  fillets 
of  2  in.  (50mm)  in  any  12  in.  (305  mm) . 

i 

For  material  equal  or  greater  than 
1  in..  Undercut  shall  not  exceed 
1/16  in.  (1.6mm)  for  any  length  of 
weld. 


ASME  1989  Section  VIII  Div.  1 
Para.  UW-35  Requirements 

The  reduction  in  thickness 
shall  not  exceed  1/32  in.  (0.8mm) 
or  10%  of  the  nominal  thickness 
of  the  adjoining  surface,  whichever 
is  less 


Level  A  (1/64  in. 
undercut)  for  butts 
&  fillets  (5/32  in.< 
thickness  <  5/16  in.) 

Level  B 

(1/32  in.  undercut)  for 
butts  and  fillets 
(thickness  >  5/16"  in.) 
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TABLE  IV 


RELATIONSHIP  BETWEEN  EXISTING  ACCEPTANCE  STANDARDS  &  SELECTED 

SAMPLES 

-UNDERCUT- 

EXISTING  STANDARD  APPLICABLE  SAMPLES 

AWS  D. 1.1-90,  Sections  10.17.1.5 
and  9.25.1.5  Requirements 

Undercut  shall  be  no  Level  A  (1/64  in. 

more  than  0.01  in.  (0.25mm)  undercut) (considered 

deep  when  its  direction  is  meeting  0.01  inch 

transverse  to  primary  tensile  requirement  for 

stress  in  the  part  that  is  butts  &  fillets 

undercut,  from  AWS) 

No  more  than  1/32  in.  (1mm)  Level  B  (1/32  in. 

for  all  other  situations  undercut)  for  butts 

and  fillets 


AWS  Dl. 1-90 ,  Section  8.15.1. (5) 
requirements 

For  material  less  than  1  in.  thick  Level  B  (1/32  in. 

undercut  shall  not  exceed  1/32" (1mm)  undercut)  for  butts 

and  fillets 

For  material  thickness  less  than  1  in.  Level  C 
(25.4mm)  a  max.  1/16  in.  (1.6mm)  is  (1/16  in.  undercut) 

permitted  for  an  accumulated  strength  for  butts  and  fillets 
of  2  in.  (50mm)  in  any  12  in.  (305  mm) . 

i 

For  material  equal  or  greater  than 
1  in..  Undercut  shall  not  exceed 
1/16  in.  (1.6mm)  for  any  length  of 
weld. 


ASME  1989  Section  VIII  Div.  1 
Para.  UW-35  Requirements 

The  reduction  in  thickness 
shall  not  exceed  1/32  in.  (0.8mm) 
or  10%  of  the  nominal  thickness 
of  the  adjoining  surface,  whichever 
is  less 


Level  A  (1/64  in. 
undercut)  for  butts 
&  fillets  (5/32  in.< 
thickness  <  5/16  in.) 

Level  B 

(1/32  in.  undercut)  for 
butts  and  fillets 
(thickness  >  5/16"  in.) 
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TABLE  IV  CONTINUED 


-UNDERCUT- 


EXISTING  STANDARD 


APPLICABLE  SAMPLES 


ASME  B31.1,  1989 
Para.  136.4.2  (A. 2) 

Level  B  (1/32  in. 
undercut)  for  butts  and 
fillets 


Unacceptable  -  Undercut 
on  surface  which  is  greater 

than  1/32  in. 


API  RA  2A,  1986 

Para.  6.4.1  undercut  should  Level  A  (1/64  in. 

not  exceed  0.01  inch. (0.25mm)  undercut)  for  butts  and 

fillets 


NAVSEA  0900-LP-003-8000 ,  1967 
Paragraph  5.2.6  Requirements 

Class  1 


The  maximum  undercut  shall  be 
1/64  inch  or  10%  of  the  adjacent 
base  metal  thickness,  whichever 
is  less. 

$ 

Class  2  and  3 


Level  A  (1/64  in. 
undercut)  for  butts 
&  fillets  (thickness  > 
5/32  -  in.) 


The  maximum  undercut  shall  be  1/32  in. 
or  10%  of  the  adjacent  base  metal 
thickness,  whichever  is  less 


Level  B  (1/32  in. 
undercut)  for  butts  & 
fillets  (thickness  > 
5/16  -  in.) 


For  base  metal  thicknesses  1/2  in. 
and  greater,  undercut  up  to  1/16  in. 
is  allowed  if  the  accumulated  length 
of  undercut  exceeding  1/32  -  in.  does 
not  exceed  15%  of  the  joint  length 
or  12  inches  in  36  inches  length  of 
weld,  whichever  is  less. 


Level  B  (1/32  in. 
undercut)  (Note  1) 
Level  C  (1/16  in. 
undercut) (Note  1) 
for  butts  &  fillets 
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TABLE  IV  CONTINUED 


-UNDERCUT- 


EXISTING  STANDARD 

APPLICABLE  SAMPLES 

MIL-STD-1689  (SH) ,  1983 

Para .  8.3  Requirement 

To  meet  the  criteria  specified 
in  NAVSEA  0900-LP-008-8000,  Class  3 
for  ship's  hull  structures 

Level  B  1/32  in. 
undercut)  (Note  1) 

Level  C  (1/16  in. 
undercut)  (Note  1) 
for  butts  and  fillets 

Note:  (1)  These  weld  samples  illustrate  the  magnitude  of  the 
defects.  The  permissible  distribution  is  specified  in 
the  specification. 
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TABLE  IV  CONTINUED 


ft 


-  SCATTERED  POROSITY  - 


EXISTING  STANDARD  APPLICABLE  SAMPLES 


AWS  Dl. 1-90 

Sections  10.17.1.6  and  .7  and  8.15.1 
(6)  and  (8)  Requirements 

Fillet  Welds 


The  sum  of  diameters  of  piping 
porosity  (Note  3)  in  fillet  welds 
shall  not  exceed  3/8  in.  (10mm)  in 
any  linear  inch  of  weld  and  shall 
not  exceed  3/4  in.  (19.0mm)  in  any 
12  in.  (305mm)  length  of  weld. 


Level  B 

(4  pores  l/16in.) 
(Note  1)  for  fillets 

Level  C 

(4  pores  1/8  in.) 
(Note  1)  for  fillets 


Butt  Welds 


Complete  joint  penetration 
groove  welds  in  butt  joints 
transverse  to  the  direction 
of  computed  tensile  stress 
shall  have  no  piping  porosity. 

For  all  other  groove  welds  piping 
porosity  shall  not  exceed  3/8  in. 
(9.5mm)  in  any  linear  inch  of  weld 
and  shall  not  exceed  3/4  in.  (19mm) 
in  any  12  in.  (305mm)  length  of  weld. 


Level  O  (Note  2) 
Level  B 

(4  pores  l/16in.) 
Note  1)  for  butts 
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TABLE  IV  CONTINUED 


-  SCATTERED  POROSITY  - 


EXISTING  STANDARD 


APPLICABLE  SAMPLES 


AWS  Dl. 1-90  Section  9.25.1.6 
and  . 8  Requirements 

Fillet  Welds 


The  frequency  of  piping  porosity 
in  fillet  welds  shall  not  exceed 
one  in  each  4  in.  (100  mm)  of 
weld  length  and  the  maximum  diameter 
shall  not  exceed  3/32  in.  (2  mm) . 
Exception  for  fillet  welds  connecting 
stiffness  to  web,  the  sum  of  the 
diameters  of  piping  porosity  shall 
not  exceed  3/8  in.  (10  mm)  in  any 
linear  inch  of  weld  and  shall  not 
exceed  3/4  in.  (19mm)  in  any  12  in. 
(305  mm)  length  of  weld. 


Level  B 

(4  pores  1/16  in.) 
(Note  1)  for  fillets 

Level  C 

(4  pores  1/8  in.) 
(Note  1)  for  fillets 


Butt  Weld 

Complete  joint  penetration 
groove  welds  in  butt  joints 
transverse  to  the  direction 
of  computed  tensile  stress 
shall  have  no  piping  porosity. 

For  all  other  groove  welds,  the 
frequency  of  piping  porosity  shall 
not  exceed  one  in  4  in.  (100  mm) 
of  length  and  the  maximum  diameter 
shall  not  exceed  3/32  in.  (2  mm) . 


Level  O  (Note  2 ) 
Level  B 

(4  pores  1/16  in.) 
(Note  1)  for  butts 

Level  C 

(4  pores  1/8  in.) 
(Note  1)  for  butts 


AME  Section  VIII  Division  1,  1989 
Appendix  8  Para .  8.3,  8.4  Requirements 

All  surfaces  to  be  examined  shall  be 
free  of: 

Level  A 

(4  pores  1/32  in.) 
(Note  1)  for  butts  & 
fillets 


Four  or  more  rounded  defects 
in  line  separated  by  1/16  in. 
(1.6mm)  or  less  (edge  to  edge). 


-16- 


TABLE  IV  CONTINUED 


-  SCATTERED  POROSITY  - 


EXISTING  STANDARD 


APPLICABLE  SAMPLES 


NAVSEA  0900-LP-003-8000 
Paragraph  5. 3. 2. 2 
requirements 

Linearly  aligned  rounded  indications 
as  defined  in  2.19  (four  or  more 
indications  in  a  line  any  one  of 
which  is  separated  from  the  adjacent 
indicating  by  less  than  1/16"  or  D 
whichever  is  greater,  where  D  is  the 
major  diameter  of  the  larger  of  the 
adjacent  indications) ,  shall  be 
cause  for  rejection  if  one  or 
more  of  the  indications  is  1/32-inch 
diameter  or  greater  for  Class  1 

1/16  inch  or  greater  for  Class  2 


Level  A 

(4  pores  1/32  in.) 
(Note  1)  for  butts 
and  fillets 


Level  B 

(4  pores  l/16in.) 
Note  1)  for  butts 
and  fillets 


3/16  inch  or  greater  for  Class  3 


Level  C 

(4  pores  1/8  in.) 
(Note  1)  for  butts 
and  fillets 


Notes:  (1) 

(2) 

(3) 


These  weld  samples  illustrate  the  magnitude  of  the 
defect.  The  permissible  distribution  is  specified 
the  specification. 

Presence  of  this  defect  is  not  permissible.  One 
perfect  sample  would  apply  to  all  cases  when  the 
presence  of  any  type  of  defect  is  not  allowed. 

1/32  in.  (1mm)  or  greater  is  added  between  piping 
porosity  and  in  fillet  welds  in  Para  8.15.1  (6) 
and  (8) . 
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TABLE  V 


SUMMARY  OF  ACCEPTANCE  STANDARDS 
(IRREGULAR  CONTOUR) 


MIL— STD-1689  (SH) 

Para.  14.3.1 

Welds  should  be  free  of 
irregularities  between 

sharp 

beads 

NAVSEA 

0900-LP-003-8000 

Surface  Inspection 

not  addressed 

AWS  Dl. 1-90 

Structural  Welding  Code 

not  addressed 

ABS,  1990 

Section  30A.5.8.a 

Steel  Vessel  Rules 

The  surfaces  of  welds., 
regular  and  uniform. 

.  are  to  be 

ASME 

Section  VIII  Div.  l 

Pressure  Vessels 

not  addressed 

ASME,  1989 

Section  I 

Power  Boilers 

not  addressed 

API  RP  2A,  1986 

Fixed  Offshore  Platforms 

not  addressed 

-18- 


TABLE  VI 


ft 


SUMMARY  OP  ACCEPTANCE  STANDARDS 
(ROUGHNESS) 


MIL— STD-1689  (sh) 

Para .  14.3.1 

Fabrication,  Welding 
and  Inspection 

Welds  shall  be  free  of  sharp 
irregularities  between  beads 

NAVSEA 

09 — LP-003-8000 

Surface  Inspection 

not  addressed 

AWS  Dl. 1—90 

Structural  Welding  Code 

not  addressed 

ABS,  1991 

Section  30A.5.8.a 

Steel  Vessel  Rules 

The  surfaces  of  the  welds . . .  are  to 
be  regular  and  uniform. 

ASME  1989 

Section  VIII  Div.  1 
Pressure  Vessels 

As-welded  surfaces  are  permitted; 
however,  the  surface  of  welds  shall 
be  sufficiently  free  from  coarse 
ripples, grooves,,  overlaps  abrupt 
ridges  and  valleys. 

ASME,  1989 

Section  I  PW35 

Para.  35.1 

Power  Boilers 

As-welded  surfaces  are  permitted; 
however,  the  surface  of  the  welds 
shall  be  sufficiently  free  from 
coarse  ripples,  grooves,  overlaps, 
abrupt  ridges,  and  valleys  to  avoid 
stress  raisers. 

API  RP2A,  1986 

Fixed  Offshore  Platforms 

not  addressed 
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TABLE  VII 


SUMMARY  OF  ACCEPTANCE  STANDARDS 
(RE-ENTRANT  ANGLE) 


MIL— STD- 1689  (SH) 

Para .  8.3.1 

Fabrication,  Welding 
and  Inspection 

Except  as  required  for  NDT,  the  as- 
deposited  surfaces  at  the  weld  edge 
shall  be  acceptable  provided  they  do 
not  form  a  re-entrant  angle  less  than 

90  degrees  with  the  base  plate. 

NAVSEA 

0900— LP-003-8000 

Para . 5 . 2 . 1 . 6 

Surface  Inspection 

When  required...,  the  contour  of  welds, 
with  the  exception  of  undercut  within 
specification  allowances,  shall  blend 
smoothly  and  gradually  into  the  base 
metal . 

AWS  D. 1.1-90 

Para .  3.6.2 

Structural  Welding  Code 

In  the  case  of  butt. . ,  the  reinforcement 
....  shall  have  gradual  transition  to 
the  plane  of  the  base  metal  surface. 

ABS,  1991  30A. 5 . 8a 
Section  30.5.8a 

Steel  Vessels  Rules 

The  surface  of  the  welds  are  to  be . 

reasonably  free  from....  overlap. 

ASME,  1989 

Section  I 

Power  Boilers 

not  addressed 

Section  VIII  Div.  1 
Pressure  Vessels 

not  addressed 

API  RP  2A,  1986 

Para .  6.4.1 

Fixed  Offshore 

Platforms 

Weld  profiles...  should  merge  smoothly 
with  the  base  metal  of  both  brace  and 
chord. 
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A  word  about  the  NSRP 


The  National  Shipbuilding  Research  Program  (NSRP)  has 
been  engaged  in  research  related  to  improvements  in 
shipbuilding  in  the  TJ.S.  since  1973.  The  program  is  a 
cooperative  effort  involving  commercial  and  U.S.  Naval 
shipyards  and  related  agencies,  industries  and  educational 
institutions . 

Since  the  inception  of  the  NSRP,  R&D  projects  have  made 
significant  contributions  to  shipbuilding  in  the  areas  of 
facilities,  environmental  considerations,  outfitting, 
productions  aids,  design  and  production  integration,  welding, 
industrial  engineering,  education  and  training,  automation 
and  coatings.  A  bibliography  and  library  of  NSRP  project 
reports  and  related  documents ,  training  films  and  videos  is 
maintained  at  the  University  of  Michigan,  Transportation 
Research  Institute,  Ann  Arbor,  Michigan. 

The  program  is  financially  supported  by  the  Maritime 
Administration  of  the  U.S.  Department  of  Transportation  and 
the  U.S.  Navy,  David  Taylor  Research  Center  by  cooperative 
agreements  and  cost  sharing  contracts  with  U.S.  Shipbuilders. 


